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I. Introduction 


The standard model (SM) has been evidenced to be a correct theory at the electroweak 
scale, bnt it also contains some flaws [1]. The left-handed and right-handed fermions 
belong to the asymmetric gange gronp representations. The Ynkawa conplings have too 
large freedoms in view of the lack of a flavor symmetry, as a resnlt, the fermion masses 
and mixings are apparently in confnsion, and the origin of the CP violations is still 
unknown, this is namely so-called flavor puzzle |2]. On the other hand, the SM can not 
account for such issues as the light neutrino masses [3], the baryon asymmetry [1], the 
cold dark matter [5], etc. Therefore, the SM should only be regarded as a low-energy 
effective theory, there must be a more full and fundamental theory beyond the SM, which 
is ultimately in charge of the matter origin in the early universe evolution. 

In the last few decades, all the time all kinds of theoretical ideas have been suggested 
to solve the above-mentioned issues. The left-right mirror symmetry is a well-motivated 
idea because it meets the aesthetics. The left-right symmetric model is pioneered by Pati 
and Salam in [6], later is developed by the authors in [7]. This type of model can be 
derived from the GUT and have many advantages, so they have been extensively studied 
[8]. Recently, the researches of the flavor symmetry attract great attentions in view of it 
succeeding in the neutrino mass and mixing [9] . The flavor symmetry is surely relevant to 
the origin of the fermion masses and CP violation, this connection has been discussed in a 
lot of references [TOj. The baryon asymmetry through the leptogenesis is also a successful 
idea m , many progresses have been made in this held [12]. These ideas are all insights and 
can be considered as approaches to a new theory. However, the new theory should in line 
with the early universe harmony and the nature unification. Therefore, a realistic theory 
should simultaneously accommodate the SM, neutrino physics and the baryon asymmetry, 
moreover, it can account for the origin of the fermion masses and CP violation, in other 
words, the flavor symmetry has to be integrated into it. Undoubtedly, exploring such 
theoretical model is very significant for particle physics as well as cosmology. 

In this work, I suggest a left-right symmetric model. The model has the local gauge 
groups SU{3)c ® SU{2)l < 8 ) SU{2)ji 0 U{1)b-l and the flavor symmetries ® Z^b- 
Besides the SM particles, some new particles are introduced in the model. The model 
symmetries and their breakings lead to a special effective Yukawa couplings at the low 
energy, essentially, the fermion masses and mixings and the CP violations originate from 
vacuum spontaneous breaking of the flavor field. The generated quark and lepton mass 
matrices are not independent but rather interrelated. In addition, the baryon asymmetry 
is successfully implemented through the leptogenesis, which is closely related to the lepton 
CP violation. The model can correctly reproduce all kinds of the observed data of the 
SM, neutrino physics and the baryon asymmetry, in particular, all of the values of the 
fermion masses and mixings are accurately fitted by the fewer parameters. Finally, the 
model is feasible and promising to be tested in future experiments. 

The remainder of this paper is organized as follows. In Section II I outline the model 
and discuss the fermion mass generations. Sec. Ill I introduce the leptogenesis in the 
model. The numerical results are given in Sec. IV. Sec. V is devoted to conclusions. 
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II. Model 


The gauge symmetries of the model are the left-right symmetric local groups SU{3)c^ 
SU{2 )l 0 SU{2)r 0 U{1)b-l- The model particle contents and their gauge quantum 
numbers are in detail listed as follows, 


^^(8,1,1, 0), 3,1, 0), Wr^H, 1, 3, 0), X^(l, 1,1,1), 

[*hL, gL](3, 2,1,-), g/?](3,1, 2,-), 2,1,-1), [Hr,Ir]{1,1,2,-1), 

0c(3,1,1, ~), 0-(l, 1,1, -2), [Nl, 1,1, 0), F(l, 1,1, 0), 


( 1 ) 


where all kinds of the fermions imply three generations as usual. Hr and Hr are re¬ 
spectively the left-handed and right-handed isospin doublet scalars, while and ^r are 
scalars which belong to both color triplet and isospin doublet. Nr and Nr are singlet 
Majorana fermions. F is a singlet scalar flavor held, which is a 3 x 3 matrix in the havor 
space. The other notations are self-explanatory. In addition to the gauge symmetries, 
the model has an attractive left-right mirror symmetry. It is characterized by the held 
transforms as follows. 


Wr^ ^ Wr^, ^r/Hr ^ ^r/Hr, Qr/Ir/Nr ^ Qr/Ir/Nr, F ^ F\ (2) 


where the mirror particles of <P~ are exactly themselves. Lastly, the model has 

the havor symmetries Z^r 0 Z^r, which are three order cyclic groups for three genera¬ 
tions of the left-handed and right-handed fermions, respectively. The above-mentioned 
symmetries are simple and natural, they are the theoretical basis of the model. 

The model Lagrangian is easy written out on the basis of the symmetries and particle 
contents. The gauge kinetic energy terms are 


•^Gauge -^puregauge T 'i'fL'l^D^fR -\- ifR'J^D^fR 

+ iD^^R)^D^^R + + {D^Hr)^D,Hr + {D^Hr)^D^Hr 

+ + Tr[d^F^d^Fl (3) 


where /l, Jr denote the left-handed and right-handed fermions, and the covariant deriva¬ 
tive is dehned by 


A 


D, = d„ +1 1 g.G‘- + g JVR^ + + g,X„ 


B-L 


( 4 ) 


Qs-iQw^Qx are three gauge coupling parameters. A“ and r* are respectively the Gell-Mann 
and Pauli matrices. B — L is the charge operator of U{1)b-l, namely the baryon number 
minus the lepton one. 
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The model Yukawa couplings are 


^Yukav^a = HInICY.Il + ^[NjCY^qL + (^lllCY^^lT^qL + \^-^llCY^tT2lL 

+ HInICY.Ir + ^^^NlCY^qn + (t>%CY^iT2qR + ]^(l>niCY,iT2l r 

- ]^NICMi,Nl - ]^NICMnNr - WlY^FY^Nr + h.c. , (5) 

where C* is a charge conjugation matrix, iT 2 is inserted in order to satisfy the SU{2) 
isospin symmetries. The left-right mirror symmetry is very evident. The model flavor 
symmetries are characterized by Z^r Z) Z^r as follows, 

/ 0 0 1 \ 

T = 1 0 0 , = T-^ = T^, = I, T^YkT = Yk, 

\0 I Oj _ _ 

Yk = dkT + bkT'^ + Ckl, Mtv = Mr[{T + -|- catJ) = M^Yri, 

F = UFLdisig{Fi, F 2 , F3)uIj^, 

f^^TRfR, F-^TrFTI (6) 


where k = 1,2, 3,4, 5. T is the generator of Z^ and / is an unit matrix. Yk and Mjr 
have simple structures and fewer parameters by virtue of the flavor symmetries, all of the 
coefficients, a^, 6 ^, c^, cat, are required to be real numbers, so the CP invariance is also 
satished. Y 4 is an antisymmetric matrix on account of = —T 2 , so 04 = — 64 , C 4 = 0 . 
Yrt is a symmetric matrix. M^r should be the GUT scale, namely Mjv rsj 10^5 GeV. The 
flavor held F is parameterized by three complex scalar helds and two dimensionless unitary 
havor helds. The left-handed and right-handed fermions are independently transformed 
according to the separate group Z^r and Z^r, so there are not directly couplings of the 
left-handed fermions to the right-handed ones except the last term in (5), which is the only 
link between the left-handed fermions and the right-handed ones. These characteristics 
of the Yukawa couplings will result in a new mechanism by which the fermion masses and 
mixings and the CP violation are generated. 

The model scalar potentials are given by 




Scalar 


= A 


H 


hIHr 






\hVr + Ain£ 


2A 


H 


L-\2 


+ Ai. {Tr[F^F] - 4) + A$(4>l$i)2 + + A<^-(0+0- 

+ 2X,hIHrHIHr + 2{hIHr + HlHR){X2<l>[d>R + A24>lj4>i? + Ag^l^e + K<P^<p-) 
+ X,{^[HrHIc!>r + h.c.) + + h.c.) 

+ other weak coupling terms, (7) 


where Hr = —iT 2 Hl and = Hj^iT 2 . All of the self-coupling parameters, Xr, Xp, X^p, A<j(,^, X^- 
are positive and should be ~ 0.1, while the interactive couplings, Ai, A 2 ,..., Ae, are weak 
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and should be < 0.1. vl and vr are respectively the vacuum expectation values (VEVs) 
of Hi and Hr. The potential vacuum conhgurations are as follows, 


{Hl) 


Vl 



{Hr) 


Vr 

V2 


1 

0 




(F) = UiT’diag (cosacosjSe^^^, cos a sin/3 , sinae^^^) = vrYr, 


( 8 ) 


where (F) is derived from the three complex scalar breakings. Explicitly, vi ^ vr ^ 0 
will spontaneously break the gauge symmetries and the left-right mirror symmetry, on the 
other hand, vp ^ 0 will spontaneously break the flavor symmetries, simultaneously, the 
CP invariance will spontaneously be broken due to the non-vanishing and irremovable 
phases in {F). However, the symmetry breaking sequence is controlled by the hierarchy 
of the VEVs such as vi ~ 10^ ^ vr ^ ~ 10^^ (in GeV as unit). Firstly, 

the flavor symmetries are broken and CP is violated at the scale vp- Secondly, at the 
scale Vr SU{2)r G) U{1)b-l is broken down P(l)y which is namely the hypercharge 
subgroup of the SM, at the same time the left-right mirror symmetry is lost. Lastly, 
SU{2)i 0 U{1)y —)■ P(l)em is completed at the scale vp, i.e. the electroweak breaking. 
These symmetry breakings are accomplished step by step in the universe evolution. 

The breaking of the flavor symmetries directly generates the Dirac mass of the Majo- 
rana fermions Np and Nr as follows, 

Mmd = vpY^YpY^ = vpYpfD ■ (9) 


The Dirac mass term is the only source of the flavor breaking and CP violation, and it 
will play a key role in origin of masses and mixings of the quarks and leptons. 

After the gauge symmetries are broken, the masses and mixings of the scalar and 
gauge bosons are easily derived by the standard program. The detailed expressions are 
as follows. 


Mrl = vp, Mrh = a/2Ah n_R, 



tanO'yy = — , tanOw = — = sinO'y^., Qe = ^ ^ , ( 10 ) 

Qw Qw ^ 

where 9'^^ and 6w are the mixing angles of the neutral gauge helds for the SU {2)r breaking 
and the SU{2)p one, respectively. However, the mixings between the left-type bosons and 
the right-type ones are negligible since vp vr. Obviously, the non-SM particles in (10) 
have super-heavy masses close to the scale vr. 

On the basis of the model Lagrangian and symmetry breakings, the fermion masses and 
mixings are generated by the following mechanism. First of all, the super-heavy Majorana 
fermions Np and Nr are decoupling below the scale vp, so we can integrate them out and 
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Figure. 1. The generations of the fermion Dirac couplings, (a) for the neutrinos, (b) for 
the up-type and down-type quarks. 
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(a) 


(b) 



Figure. 2. The generations of the fermion Dirac couplings, (a) for the down-type quarks 
and the charged leptons, (b) for the charged leptons. 


derive three types of the effective Yukawa couplings, i) the respective Majorana coupling 
of Ir and Ir, ii) the Dirac coupling of Ir and Ir, iii) two Dirac couplings of qi and qr. The 
neutrino Dirac coupling is generated by (a) in Figure 1, and (b) in Figure 1 can generate 
the up-type quark coupling and the down-type one, which are respectively related to 
Hr, Hr and Hr, Hr. These effective couplings will give the neutrino and quark masses 
after Hr and Hr developing the VEVs. Secondly, we can put together the neutrino 
Dirac coupling and the Yukawa couplings involving (pc and p~, thus a new down-type 
quark coupling and a charged lepton coupling are generated by (a) in Figure 2. we can 
also make use of the up-type quark coupling and the Yukawa coupling involving pc to 
generate the other charged lepton coupling by (b) in Figure 2. The black dots in Figure 2 
namely denote the corresponding effective couplings in Figure 1. To sum up, the complete 
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effective Yukawa couplings are given by 


f ZIVl TV 




^e// _ _ 

°^Yukawa oTT 

ZMn jv 

167r2M^ 

+ ^^^S- 9 rYyYv'i™iv'uSk« + 

IbTr^M^ lo^ '^R 

( 11 ) 


where Yd and Yu are respectively the effective couplings of the neutrinos and the up-type 
quarks, which are directly derived from the second line of (11), see the following (13). In 
(11), all kinds of the loop integration factors are eventually simplihed by the two-point 
functions as follows. 


So = 5o(M^^,M|^,M|J, 
Aap = Bo (M|^, ) 

Bap = Bq ) 

Cap = Bo{Mjj^,ml^,ml^) - 


- Bo{ml, - Bo{ml, 

- Bo {ml , , Ml-)- Bo {ml , ml^^, Ml-), 

Bo{ml,ml^,MlJ - Bo{ml,ml^,MlJ, 


( 12 ) 


where a, {3 are the generation indexes, they are not summed in (11). 

After the gauge symmetry breakings, (11) finally leads to the lepton and quark masses 
as follows. 


Ml = — ^yIy*-%*, Mr = -^^yI^Y-^Yd 
2 Mn 1 ^ " 2 Mtv 


ZlVl TV ZilVl TV 

, . _ VfVlVr ^^ ^^_^ 1 

— =2—-'l-'W ^ND^n ■'1) — - =0 -■'2-'V ^NDIn ■'2, 

2 M^ 327r2M^ 

A 


M, = fMu + ^Y;(A,^MT,,^)Y3, 


Ibvr^ 


Yl(B„^,M},„PYi + ^YRC^fMLpY^, 


Me = -^ 

Ibvr^ 

MCf = Ml- 

\/2 

Yf=D,u,d,e — - Mf, 

Vl 


(13) 


where the effective mass of the left-handed neutrinos is implemented by the see-saw mech¬ 
anism [13], in addition, the effective Yukawa couplings at the electroweak scale are related 
to the fermion masses by the last equation in (13). This set of equations of (13) clearly 
shows the origin of the fermion masses and the interrelations among them. The neutrino 
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Majorana masses are derived from the coupling Yat. If the flavor symmetries are unbro¬ 
ken, the Dirac coupling Ytvd is vanishing, then the Dirac masses Mf=i:,^u,d,e are all nought. 
Therefore, Yat and Y^d are respectively the roots of the Majorana and Dirac masses, all 
kinds of the fermion masses stem from them, in particular, Ynd is the only source of the 
flavor symmetry breaking and the CP violation. 

For htting the experimental data, the system of equations (13) are very difficult to 
be solved. As has been noted early, M^, Mr, Mr, M^ are all symmetric matrices, in 
addition, Mr, Mr can be diagonalized by the following unitary matrix Uq owing to the 
flavor symmetries but two of the eigenvalues are degenerate. However, we can choose 
the flavor basis such that Mr and M„ are diagonal matrices simultaneously, then solving 
becomes relatively easy. Lastly, Y 4 is relatively smaller so as to implement the following 
leptogenesis, so the second term in Mg actually makes major contributions. In this simple 
scenario, the fermion masses are newly expressed as follows. 


Mr = ^Mr, Mr = f/odiag(Mi.^^ = , Uq = 


-’R 


a/6 


2 0 a/2 

-1 a/3 a/2 

-1 -Vs a/2 


Mr = f/Rdiag(mRi,mR2,mR3)f/R, M„ = f4diag(m^„ me, 


M'd = -^YVdiag(Aii, A22, AgajMRYg' = UcKMdiag{md,ms,mb)UcKM, 

A 5 lOTT^ 

Y^^3diag(C'ii,C'22,C33)M/YV = t/ediag(me, m^, 

Mj^^ = U\jMiU— MjjUUjjMjj = UJJMNsdickg{rny^^^rny^^,rni,^^)U , 


(14) 


where the superscript apostrophe means that the masses and couplings are in the new 
flavor basis. Uckm and Umns are respectively the quark mixing matrix and the lepton 
one, which were dehned in [TT] and [15]. For all kinds of the unitary matrices, their mixing 
angles and (FP-violating phases are parameterized by the standard form in particle data 
group [16]. The solution of Y/ has directly been derived from the equation of Mj. If 
the coupling with Y 3 is vanishing, then the quark mixing Uckm will become an unit 
matrix, and the interrelations between the quark masses and the lepton ones are nothing. 
In (14), most of the mass and mixing parameters are hxed by the experimental data, 
the undetermined parameters include hve mass parameters Mi,j^^,rnDi,rnD 2 ,rnD 3 , 

two mixing matrices He, Pd, and three scalar sector parameters ur, where M^^ 

is involved in Aajs and Cajs- Now the difficulty of solving (14) is greatly reduced. In 
conclusion, all of the above contents are the theoretical framework of the model. 


III. Leptogenesis 

After the flavor symmetries are broken and the CP is violated below the scale vp, 
the universe undergoes inflation and reheating. The reheating temperature can reach to 












Figure. 3. The graphs of the decay 0 cr + ur which leads to leptogenesis. 


Treheat ~ GeV iu souie of the inflation models [T^. At this scale vr ~ Treheat 

the SU{2)r 0 1/(1) b-l gauge symmetry is broken and the left-right mirror symmetry is 
lost. As a result, the non-SM gauge and scalar bosons and the right-handed neutrinos lyR 
obtain their masses. In virtue of the lepton number violation, i/r become the Majorana 
neutrinos. As the universe expansion and cooling, the charged scalar 0“ can decay into 
II + II or cr + Ur. However, the decay 0“ —)■ cr -|- ur evidently violates two units of 
the lepton number. In view of the CP violation in the effective Yukawa couplings, a CP 
asymmetry of the decay process is generated through the interference between the tree 
diagram and the loop one, shown as hgure 3. In addition, the 0“ decay is actually an 
out-of-equilibrium process for an enough small Y 4 , namely the decay rate is far smaller 
than the Hubble expansion rate of the universe. 


r (0 eR + URi) 


m^-{ycpI)r 

Ibvr 




Mpi 


(15) 


where Mpi = 1.22 x 10^® GeV, and is an effective number of relativistic degrees of 
freedom at T = M^-. At this temperature, the relativistic particles are exactly the SM 
ones, so one can easily hgure out = 106.75. In short, the decay 0“ eR + ur can 
satisfy three Sakharov’s conditions [18] , so the baryogenesis can be implemented through 
the leptogenesis in the model. 

The decay CP asymmetry is dehned and calculated as follow. 


E[r(0- ^ - r(0+ ^^ + I 7 g)] Im[Y^{YEYCPeYl)Rh] 

_ i _ i 

“ 47r(Tr[Y4V;] + Y.(XiYl)ii) ’ 

i 

) = r(0 ^ /l + r(0 -^eR + VRi)., fi = 1 — 2 ^2^* ’ 

i 

where the sum index i is limited by < M^-. (16) clearly manifests that £ is closely 
related to the lepton CP violation, which is directly indicated by Yr and Yg. The size of 
£ is essentially dominated by Yd and Yg, while Y 4 has only little inhuence on it. However, 
(16) can naturally give a required value of s, namely £ ~ 10“^. 
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Below the scale vr, the baryon number is conserved but the lepton number is vio¬ 
lated, the above-mentioned decay process accordingly leads to the B — L asymmetry in 
the universe. Afterwards, the B — L asymmetry is partly converted into the baryon asym¬ 
metry through the sphaleron processes above the electroweak scale [I9]. These results are 
expressed as follow. 


Yr-t. — 


ns-L — ^b-l 


= K- 


-2)e 


Yb — CsYb-L, 


rjB = 


nB — ^B 


n-, 


= 7MYb. (17) 


s is the entropy density, k is a dilution factor, it can be approximated to k ~ 1 for a very 
weak decay which is serious departure from thermal equilibrium, = || is a coefficient 
of the electroweak sphaleron conversion. 7.04 is a ratio of the entropy density s to the 
photon number density n^. Obviously, the value of rjB is completely determined by £. 
Therefore, the present-day baryon asymmetry can be explained in the model very well. 


IV. Numerical Results 

In the section I present the model numerical results. The model involves a lot of the 
new parameters besides the SM ones. In principle the SM parameters are hxed by the 
experimental data, the non-SM parameters will be determined by solving the system of 
equation (14) and htting the baryon asymmetry. In the light of the foregoing discussions, 
we can choose the below quantities of the SM as the input parameters (mass unit in GeV), 


sinOw = 0.231, Mz^ = 91.2, = 126, vr = 246, 

niu = 0.0023, rric = 1.275, rrit = 173, 

me = 0.000511, mf, = 0.1057, = 1.777. (18) 


All of them come from the particle data group [16]. The non-SM parameters are input 
by the below values. 




vr = 2x 10'^ GeV, M^^ = 2x 10'" GeV, ^ = 0.0242, 


= 6-05 X 10'^ GeV, = 3.55 x 10'" GeV, 

(Ydi, Td 2 , Tds) = 0.0645 x (0, —1,1), 

sin0'{2 = 0.058, sinO^^ = 0.66, sin6\^ = 0.0313, 5^ = —0.487r, 

sin9^2 = sin923 = 0.805, sin9^^ = -^=, = O.IItt, 


(19) 


where the last two lines are respectively the mixing angles and GP-violating phases in 
Ue and Ud- In (19), vr and are actually taken as the hxed values. Firstly, the 
parameters, Foi, Yd 2 , F^s, Ue, are determined by the equation of M'^ in (14). Secondly, 
the remaining parameters, are solved by the equation of in (14). 

In this htting, it is however found that (Fdi, Yd 2 , Foa) can be set as only one tuning 
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parameter and sin9^2 = can also be fixed. Therefore, the adjustable 

parameters in (19) are in fact ten in all. Of course, the parameter characteristics arise 
from the model theoretical structures. 

Firstly, by use of (10) we can obtain the masses of the right-type gauge and scalar 
bosons (in GeV as unit), 

Mwn = 6.5 X 10^^ Mz^ = 7.8 x 10^^ Mh^ = 1.02 x 10^^ (20) 

They are mainly subject to vr. However, these particles are too heavy and irrelevant to 
the present low-energy phenomenology. 

Secondly, by use of (14) we can predict the down-type quark masses, the quark mixing 
UcKM, the light neutrino masses, and the lepton mixing Umns- All kinds of results are 
given as follows. 


md = 4.9 MeV, rUg = 95 MeV, mb = 4.18 GeV, 

= 0.2252, sinOf^^ = 0.0415, = 0.00352, 

^ckm ^ _o. 3977 r, = -3.03 x 10-^ 

— 0.0079 eV, = 0.012 eV, ’^^^3 = 0.05 eV, 

Am 2 i = 7.5 X 10“^ eV^, Am 32 = 2.4 x 10“^ eV^, 
sine^^^ = 0.552, = 0.707, = 0.156, 

^mns ^ o. 9757 r, = 2.75 x 10■^ (3^^^ = - 0 . 537 r, = - 0 . 57 r, (21) 

where are respectively the GP-violating Jarlskog invariants in the quark 

and lepton sectors, and are two Majorana phases in Umns- Obviously, all the 
results are very well in accordance with the current experimental data [16] . In particular, 
we can use the fewer parameters to predict the greater mass and mixing values, thus 
the model shows a large power of predictions. This success is of course owing to the 
correlations of the fermion mass matrices, which originate from the model symmetries 
and their breakings. ( 21 ) predicts that the lepton CP violation is relatively larger, so it 
will possibly be detected in near future. 

Lastly, we also need input M^- and in order to calculate the baryon asymmetry. 
Their values are taken as 

= 9.3 X 10^2 GeV, V 4 = W~\T - T^), (22) 

where Vt is fixed and only M^- is tuned to fit It should be noted that = 

so the sum in (16) is only for i = 1,2. By use of (15)-(17), the 
out-of-equilibrium condition and the baryon asymmetry are calculated as 

-(B = 6-12 X (23) 

The above first relation clearly demonstrates that the 0“ decay is indeed out-of-equilibrium. 
The value of is precisely in agreement with the current data of the universe observations 
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[20] , In brief, all of the numerical results are naturally produced without any hue tuning. 
They not only correctly reproduce all kinds of the experimental data, but also give some 
predictions. This clearly demonstrates that the model is reasonable and feasible. 


V. Conclusions 

In this paper, I discuss the left-right symmetric model with the gauge groups SU{3)c<S) 
SU{2)L®SU(2){1 )b-l and the flavor symmetries The model can account 

for the origin of the fermion masses and CP violation, and also implement the baryogenesis 
through the leptogenesis. At hrst, the flavor symmetries and the CP invariance are 
spontaneously broken by the flavor held developing the VEV, soon afterwards, the right- 
handed isospin and B — L gauge subgroups are spontaneously breakings, and the left- 
right mirror symmetry is lost. It is these symmetries and their breakings that lead to 
the special effective Yukawa couplings at the low energy, which eventually generate the 
fermion masses and mixings. In the light of the model theoretical structures, the lepton 
and quark masses have common origin, namely all of them stem from the Majorana and 
Dirac masses of Nr and Nr, in particular, the Dirac coupling is the only source of 
the havor breaking and CP violation. As a result, the fermion mass matrices are not 
independent but rather there are the correlations among them. The model can naturally 
and correctly reproduce all kinds of masses and mixings of the SM and neutrino physics 
by the fewer parameters, so it shows a large power of predictions. In addition, the decay 
of the super-heavy scalar 0“ —)■ ej? -|- ur satishes the lepton number violation, the CP 
asymmetry, and being out-of-equilibrium. The CP asymmetry is directly related to the 
lepton CP violation. The generated lepton asymmetry is eventually converted into the 
baryon asymmetry through the sphaleron processes above the electroweak scale. All of 
the numerical results are in agreement with the experimental data very well. The model 
predicts the leptonic ~ 2.75 x 10“^, it will possibly be detected in near future. 

Finally, the model is feasible and promising to be tested in future experiments. 
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